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AS MASUIiED BY A TKER150C0UPLE 
By J. C. Sanders, H. D. Wi.lsted, and B. A. Mulcahy 



A thermocouple v/as installed in the crov^n of a sodiuiri-cooled 
exhaust valve. The valve was then tested in an air-cooled engine 
cylinder and valve temperatures under various engine operating con- 
ditions were determined. A temperatui-e' of F was observed at 
a fuel-air ratio of 0.064, a brake mean effective pressure of 
179 pomds per square inch, and an engine speed of 2C00 rpm.. Fuel- 
air ratio YJas found to have a large influence on" valve temperature, 
but cooling-air pressm^e and variation in spark advance had little 
effect. An increase in engine power by change of speed or mean 
effective pressure increased the valve temperature. It was found 
that the temperature of the rear spark-plug bushing v/as" not a sat- 
isfactory ■ indication of the temperature of the exhaust valve. 

- INTRODl/tlTION 

In the course of research on cylinder cooling by the NACA at 
Langley Field, frequent failure of the sodium-cooled exhaust valves 
in one type of air-cooled engine cylinder was experienced. The 
crowns Qf these valves were badly corroded and collapsed. ' In some 
instances the crown had ruptured, permitting the sodium to leak into 
the cylinder. 

A reviey^ of published information revealed that high temperature 
accelerates the corrosion and greatly reduces the creep strength of 
these metals. The Brinell hardiness and the creep strength of a valve 
steel at elevated temperatures are shown in the following table. The 
Brinell hardness was obtained from, reference 1, and the creep strength 
v/as obtained from reference 2. 
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TeniDerature 


.Briaell 


Creep strength 


\ ■*• / 


hardness 
1 — . — 1 


. ( percent ) 


1 

800 




100 


900 


165 


70 


1000 





47 


1100 


143 


30 


1200 




17 


1300 


98 


9 


1400 




4 


1500 
.. 


47 





The results oT a practical demonstratioa of the effect of tem- 
perature on the str3ngth anrl corrosion resistance of valve steel are 
shomi in figure 1. Two of the valves were stock sodi-ain-cooled valves 
and one was the v^rater-cooled valve described in reference 3. The 
water-cooled valve was used in tests that reprodijced the conditicns 
of the tests made on the sodi'oiri-cc'oled valves. The fuels used in all 
tests contained tetraethyl lead. Gonditivons of the tests were as 
follows: 



Previous test (reference 3): 



Sodium- coo led 

valve 
(fig. 1(a)) 



Water-cooled 

valve 
(fig. i(c;) 



Maxiriium imep 2$6 
MaximuiTi pov;er, ihp 137 
Fuel-air ratio 0.053-0.122 
Maximuni temper at ur-e^, rear spark- 
plug bushing^ 480 
Tetraethyl lead in fuel^ ml per 

gallon ■ 3 

Tiine ^N±th coolant, hr 36.7 

Tl^ie Vfithout coolGnt, hr 0 

Total time, knock test, hr 36.7 

Condition of valve xRuined 



2^6 

137 
0.0^55-0.122 

480 

3 

49.5 

56.0 

Satisfactory/ 
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High-povv^er test; 



Sodium-cooled 
valve 



Oil-cooled 
valve 



(fig. Kb)) 



(fig- 1(c)) 



Maximum imep 
Maximum power, ihp 
. Fuel-air ratio 

Maximum temperature, rear spark- 



plug bushing, °F 
Tetraethyl lead in fuel, ml per 



329 
215 



0.10 



310 
202 



0.10 



484 



$17 



gallon 

Total time, high-power test, hr 
Total service time, hr 
Condition of valve ■ 



Ruined 



6 

0.5 



Satisfactory 



6 

8.0 
64.0 



In figure 1 the templets show the contours of nev-^ valves. The 
crowns of the tvra sodium-cooled valves were corroded and collapsed. 
The water-cooled valve v^as not corroded and was flattened only 
slightly. This flattening probably occurred during the test in which 
no coolant was circulated through the valve. No flattening of the 
oil-cooled valve v^as observed during the test at high pov;er. 

The sodium-cooled valve used in the test of reference 3 was 
observed to emit visible radiations during operation, but Tvater- cooled 
ajid oil-cooled valves were observed to be black. These observations 
and the temperature measurements of the oil and the v^^ater lea-vang the 
valves indicated that the valves ivere operating at widely separated 
temperatures. 

The evidence of these tests, together with the experience of 
Banks (reference 4), Colwell (reference 5), and Young (reference 6), 
shows that valve temperature has a vi.tal influence on valve life. 

Design features that might reduce valve temperatures are in- 
creased diameter of valve stem, increased cross-vsectional area of 
metal for flow of heat from valve r?.mxie to cooling fins, improved 
fin design, and insulation of the exhaust- valve-guide boss from the 
exhaust gas. An increase in stem diam.eter will give a larger area 
of contact with the guide and will permit the coolant to circulate 
more freely. Provision for dissipation of heat from the boss is 
particularly important when sodium-cooled valves are used. Some 
cylinder heads do not have enough metal around their exhaust-valve 
bosvses to adequately transfer heat to the fins. A protecting shield 
around the boss will reduce the heat transfer from the exhaust gas to 
the boss and will consequently result in better valve cooling. 

Direct measurement of valve temperatures v/ould make possible the 
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accurate deterraination of the effects of the foregoing changes in 
cylinder design on the temperature of the e^diaust valve. The devel- 
opment of a means of ineasuring valve temperatures vv^as therefore under- 
taken. 

A revievy of published literature disclosed little information on 
the measurement of temperatures in a sodium-cooled exhaust valve dur- 
ing normal engine operation, Colwell (reference 7) tested a sodium- 
cooled valve of a special steel for which the relation between the 
hardness and the drawing temperature was accurately known. The valve 
vfas ihardened and then used in an engine. Upon removal from the engine 
the valve v/as sectioned and the tem.peratures attained at various loca- 
tions on the valve were determined by hardness measiirem.ents. By this 
method it was estimated that the center of the valve crown reached a 
temperature between 1140^ F and 1300^ F. The operating conditions^, 
hov/ever^ were not reported. 

The temperature of an 9:^hau3t valve has been estimated by visual 

observation of its color (reference 3) and found to be 1.300^ F to 
1400^ F at a fuel-air ratio of 0.068 and at an indicated mean effec- 
tive pressure of 190 pounds per square inch. This method of temper- 
ature determination Is ^ however, open to criticism because the scale 
on the surface of the exhaust valve may reach a higher temperature 
than the valve m*aterials. 

This report describes an exhaust valve equipped Vvdth a thermo- 
couple and gives valve teirperatures observed under various engine 
operating conditions. Effects of variations in mean effective pres- 
sure^ engine speedy fuel-air ratio , spark advance^ and cooling-air 
pressure drop upon valve temperature are shown. 

The tests were conducted at Langley Memorial Aeronautical Lab- 
oratory, Langley Field, Va., in August 1942. 



APPARATUS 

Thermocoupl e insta lla tion. - In engine operation the observed 
valve reciprocated rapidly and rotated slowly at a rate depending 
upon the engine speed. At an engine speed of 2200 rpm the valve 
rotated 2 rpm. It was therefore necessary to provide sliding 
brushes to make contact vdth the. valve them?.ocouple. For this type 
of installation the thermocouple m.ust be rugged enough to Y/ithstand 
the high accelerations of the valve. 

Figure 2 is a photograph shov^ing the valve, the rocker vdth 
special tappet, the rocker-box cover, and the thermocouple-contact 
system. The details of the valve construction are presented in fig- 
ure 3. The tip of the valve was opened vfith a drill, and the sodium 
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was removed. A steel tube containing the thermocouple leads y^as 
installed through the stem ajid welded to the crown in such a manner 
that the thermocouple junction was imbedded in the weld I/16 inch ■ 
frorri the siorface of the cro^Am. The valve v/as dried, charged viith 
the proper amount of sodium, and sealed with a hollow tapered plug 
•iriven and silver- soldered into the valve stem. The tube for carry-- 
ing the comm.utator was silver-soldered into th;3 tip of the valve stem, 
and the commutator was assembled. The commutator consists of tY«ro 
cylindrical elem.ents, sem.icircular in cross section and clamped with 
insulators to the stem. Each element is composed of the same mate- 
rial as the thermocouple vrLvr- to \viiich it is attached; one is chromel 
and the other is alumel. 

The function of the brushes shown in figures 2 and 3 is clari- 
fied by the circuit diagram in fig^jre 4. The proper continuity of 
the thermocouple-lead wires to tho cold junction is maintained by a 
lead-selector sv/itch that makes it alv/ays possible to have a chromel 
lead from the chromel commutator bar and an alumel lead from the 
alumel commutator bar. At every half revolution of the valve, the 
selector svfitch is changed to match tiie polarity of the commutator, 

A commutator Y/as c}nsen .iaistead of slip rings because a commu- 
tator' could be made lighter than a set of slip rings and wonld conse- 
quently result in lower stresses during the periods of acceleration 
of the valve. Experience i-vith the coirimutator has since shorn that 
the saving in weight does not warrant the added complication of its 
brushes. Another valve has been made with slip rings. 

The test engine . - The tests were run on a single -cylinder engine 
having an air-cooled cylinder. The bore is Sk and the stroke is 
7 inches; the compression ratio is 6.?.. A diagram,matic layout of the 
engine and associated parts is shown in figure 

The cylinder v^as enclosed in a closely fitting steel jacket 
having an opening on the upstream sid.?; slightly less than the frontal 
area of the cylinder and an opening on the downstream side about 
1.4 times the flow area between the fins on the cylinder. In addi- 
tion bo the thermocouples normally used in cooling tests, one thermo- 
couple was located on the bushing of the exhaust-valve guide and one 
WdS located against the outside of tlie exhaust- valve- seat insert, as 
shown in figure 6, The the mo couple on the seat insert measured the 
temperature of the cylinder head somewhere in a zone between the out- 
side surface of the insert and 1/32 inch from the insert. It is 
probable that, as a result of the very poor thermal conductivity of 
the seat insert, the surface on which the valve was seated was much 
hotter than indicated by this thermocouple, A thermocouple consist- 
ing of an exposed junction of 14-gage chromel and alum^el wires was 
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ini^fcallcd in the exhaust stack. The jionction vms near the center 
of the exhaust pipe. The length of each vdre exposed to the exhaust 
gas viras about three-fourths inch. 



TEST MET1DD3 

A series of six tests Y:as run to determine the influence of the 
principal engine variables on the temperature of the e:diaust valve. 
The ar-igine variables investigated v^-ere: 

Indicated mean effective pressure, Ib/sq in 98-254 

Engine speed, rpm 1400-2400 

Fuel-- air ratio (twj tests) 0,051-0.112 

Spark advance, deg 3.T.C 0-45 

Cooling-air pressure 'drop,- in. water . . . I-30 

In each test all of the engine variables except the one under 
investigation were held constant. In the investigation of the effect 
of indicated meaii effective pressure on valve te3rriPerature, the follow- 
ing constant conditions were maintained; 



Engine speed, rpm 

Fuel- air ratio 

Spark advance, dog •3.T.C 

Cooling-air pressure drop, in. water 
Carburetor-air temperature, ^F . . 



2200 
0,080 
19 
16 
150 



Except as s-pecific«ally noted, these constant conditions vvere 
maint^-ined during all of the other tests. The variable-speed test 
was run at an indicated me^in effective nressiire of 210 pounds p-jr 
square inch, the variable-spark-advance test at l67 pounds per squcire 
inch, aiid the variable-coolinp. test at 13 0 pounds per square inch. 

Data from two tests Y.^ere obtained to show the effects of fuel- 
air ratio on exhaust-valve temperatur-;. Observations of sodium- 
cooled exliaust-valve temperatures were made irt February 1942 diiring 
tests (reference 3) made to doterm_:Lna the effects of fuel-aii" ratio 
upon the maximum permissible povvor as limited by audible knock. 
During these earlier tests, the cooling-air pressiore was regulated 
to maintain the temperature at the rear of the barrel at 360^ I*'; the 
temperature of the rear spark-plug bushing varied, vdth changes of 
fuel-air ratio, between 395^ F and 470^ F. At each fuel-air ratio 
tested the indicated meai effective pressijre was raised until knock 
became audible. The absolute manifold pressure and the fuel flow 
were reduced to 93 percent of the vrJ.ues observed mth audible knock. 
The color of the exhaust valve as observed through a hole in the 
exhaust pipe was compared v/ith a color-temperatur-e chart and the valve 
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temperature thus estimated was recorded. Six months later the oper- 
ating conditions of this test ware repeated, and the exhaust- valve 
temperatures were measured by a thermocouple. 

Additional tests showing the effects of fuel-air ratio on valve 
temperature when the indicated mean effective pressure is constant 
were not made because the thermocouple failed after 15 hours of oper- 
ation. 



RESULTS MaD DISCUSSION 

The Effect of Operating Conditions on Exhaust-Valva Temperatures 

The influence of indicated mean effective pressure on the tem- 
peratures of the exhaust gas, the exhaust valve, the valve guide, the 
valve seat, and the rear spark-plug bushing is shown in figure 7(a). 
For example, the exhaust-valve temperature was increased from 990 F 
to 1220° F by increasing the indicated mean effective pressure from 
98 to ?SU pomids per square inch. ■ 

Apparently the valve temperature at low spaed is influenced by 
the frequency of the reciprocation of the sodisim from the valve head 
to the stem. Fig^are 7(b) shows that the valve temperature did not 
fall appreciably whon the speed was r^^duced from 1800 to lUOO rpm at 
constant m,3an effective pressure;. This result indicates that the 
effect of the change in power is partly offset by the reduced rate 
at v/hich the heat is transferred by the sodium. Figure 7(c), which 
presents the data of figures 7(a) and 7(b) on a power basis, reveals 
that at 73 indicated horsepovrer the valve temperature was 11^5° F at 
lUOO rpm and 106^^ F at 2200 rpm, a reduction of 90° F resulting from 
the use of higher speed. 

Variation in fucl-air ratio has a marked effect on valve temper- 
atures, as may be seen in figure 8. Reducing the fuel-air ratio 
from 0.112 to^O-Oc-U increased the temperature of the exhaust valve 
more than increasing the indicat::d mean effective pressur-:; from 98 to 
2^h pounds por square inch, as shown in the following table; 



Variable-imep test . 


Variable-fuel-air-ratio test 


f/a 


imep 
(ib/sq in.) 


Valve tempera- 
ture measiired 
bv thermocouple 

(Op) 


f/a 


(Ib/sq in*) 


Valve 
temperature 
^(°F) 


0.030 
.080 


98 
25U 


990 
1220 


0.112 
.06U 


226 
179 


1070 
1557 



/ 
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The maximum valve temperature vas o'bte.ined. at a fuel-air ratio 
"betveen 0*064 and 0,070, Both richer and leaner mixtures produced 
lover valve temperatures, though lean-mixture operation did not 
result in so low a valve temperature as did. rich-mixture operation. 
The important temperatures were: 



The high valve temperature accoriipanying operation vith fuel-air 
ratios in the region of 0.065 is one reason why lean-mixtuxe opera- 
tion is detrimental to valve life. Injection carburetors are fre- 
quently adjusted to give a fuel-air ratio of 0.070 for cruising. 
From the foregoing discussion it is evident that this mixture 
ratio imposes the moat severe temperat-ore on the exhaust valve. 
The valves would prohaljly give more satisfactory service if 
operated with a leaner mixt.ure. 

The effect of spark advance on exhaust-valve temperatures is 
shoTO in figrare 9, This figure shows that at a fuel-air ratio of 
0,08 the exhaust- valve temperature is practically unaffected "by vari- 
ation of the spark advance in the rai\ge from 5^ to 25^ B.T..C. As 
the spark was advanced "beyond 25^ B,T.C. the valve temperature 
increased until at 45^ B.T.G. it T-/as the highest observed, in this 
cylinder, 1350^ F. 

The rise in valve temperature with greatly retarded spark is 
prohahly caused hy the higlier exhaust-gas temperature resu3.tin^ from 
a decreased expansion after comhustion. The rise in valve tempera- 
ture with increase in spark advance heyond 25^ B.T,C, may "be caused 
"by the increased period of time that the crown of the valve is ex- 
posed to the working fluid during comhustion and expansion. 

It is noted that as the spark is advanced heyond 25^ B/T.C. the 
indicated tempex^atiAre of the exhaust-gas therm.ocouple is substantially 
constant^ whereas the indicated temperature of the exhaust valve rises 
until it hecomes greater tlian the temperature of the exhaust-gas ther- 
mocouple. The fact that the temperature of the exhaust valve does 
become greater than the temperature of the exhaust- gas thermocouple 
is^ however^ of no particu].ar significance because^ as pointed out 
before, the true exhaust-gas temperatuj?e is greater than the tempera- 
tvu**e of the unshielded themocouple. 

Variation in cylinder cooling resulting from change in cooling- 
air pressure drop across the engine resulted in relatively little 



Fuel-air ratio 




0,052 
,066 
.112 



1200 
1340 
1070 
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change in the exhaust-valve tenperatiii'e^ as may be seen in figure 10. 
The temperatures of the rear spark-plug bushing, valve-guide bushing, 
and seat insert wore irore greatly affected, as shown in the follow- 
ing tabulation: 



Cooling-air 
pressure drop 
(in. water) 


Rear spark- 
plug-bushing 
teriiperature 
(°F) 


f , 

Sxliaust- valve 
teraoerature 
*(°F) 


Valve-guide 
temperature 
■(°F) 


Valve- seat 
temperature 
(°F) 


1 
30 


302 


lUO 
1030 


665 

470 


520 

350 


change 


173 


110 


195 


170 



In the ranges of the te.st conditions, variation in fuel-air ratio 

had mi;ch greater effect than cooling-air pressure drop on the exhaust- 
valve temperature. An increase in cod ling-air pressure drop from 
1 to 30 inches of mtcr resulted in a reduction in exhaust- valve tem- 
perature of only 110'^ F, whereas an increase in fuel-air ratio from 
0.063' to 0.112 reduced the valve temperature 280^-^ F. 

Reducing the fuel-air ratio from 0.112 to 0.093 increased the 
valve temperature as much as reducing the coo ling- air pressure dr'op 
from 30 inches to 1 inch of water. This striking contrast shov/s 
that relatively large increases in over-all cylinder-head cooling 
are required to maintain constant va3,ve tem.perature with moderate 
increases in severity of engine operation. Attention should be 
given to improvements in valve desirn and cylinder-head design to 
give the best heat fl.ow from the valve guide and from the valve seat. 

Temperatures of i^xhaust Valve and Rear Spark-Plug 3ushing 

The temperature of the rear spark-plug bushing is frequently 
taken, as an indication of the condition of cylinder-head cooling. 
Endurance tests at high cylinder-head temperatures and high power 
indicate that the m.ost critical cylinder-head tem.perature is that 
of the Bxhaust valve. A study was therefore made of the relation 
between the tem.peratijir*es of the exhaust valve and the rear spark- 
plug bushing. 

An -inspection of the temperatures in figure 8 clearly reveals 
that the temperature of thi) rear spark-plug bushing does not in-dicate 
variations in valve temperature, A variation in exhaust-valve tem- 
perature of 230^ F was accompanied by practically no change in the 
temperatur-e of tlie rear spark-plug bushing. 



Further evidence of the unreliability of the temperature of the 
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rear spark-plug bushing as an indication of the exhaust'-valve temper- 
ature is found in figure 11, The curves show valve temperatures 
obtained at various spark-plug -bushing temperatures. Data from the 
tests vri.th variable indicated mean effective pressure and tests v.ath 
variable cooling-air pressure are showi. It is readily apparent 
that the relation between temperatures of the rear spark-plug bushing 
and of the exhaust valve is sufficiently influenced by engine opera- 
ting conditions to make use of such a reJ^tion inadvisable. At a 
rear spark-plug-bushing temperature of 400^ F the difference in 
exhaust-valve temperature obtained in the two tests was 9$^ F. 



Tem^peratures of Exhaust Valve under Flight Conditions 



Sufficient data are presented in this report to make it possible 
to estimate exhaust-valve temperat^ores under flight conditions. The 
following estimates are given: 



Flight condition 


Engine speed 
(rpm) 


bmep 
(ib/sq in. ) 


Fuel-air 
ratio 


Valve 

temperature 
(°F) 


Take-off 


2500 


209 


0.10 


1120 


Maximum cruising 


2000 


Ul 


.08 


1100 


Maximum cruising 


2000 


141 


.07 


lUO 



These estimated temperatures v/ere obtained by applying correc- 
tions to the temperatures obtained in the test of variable indicated 
mean effective pressure (fig. 7(a)). The required indicated m.ean 
effective pressure was found by adding a value of friction m.ean 
effective pressure of 2$ pounds per square inch (an estimate based on 
single-cylinder operation) to the brake mean effecti\'-s pressure. 
Corrections for differences in the required speed and a speed of 
22CO rpm Y/ere then obtained from figure 7(b) and corrections for the 
differences in required fuel-air ratio and a fuel-air ratio of 0.08 
v^ere obtained from figure 8. These corrections were applied to the 
temperatures read from figure 7(a). The resultant temperatures have 
been listed as estimated tem.peratures. 

Exhaust-valve temperatures for cruising mth tvio fuel-air ratios 
are given. Normally the fuel-air ratio for maximum cruising power 
is 0.06, but cruising at O.O7 is sometimes practiced. 

The preceding temperature estimates indicate that in this type 
of cylinder the exhaust valve is frequently hotter than 1000^ F. 
It is probable that a temperatiure of 1300^ F is sometimes reached 
in service. 
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Accuracy 

Before the thermocouple ^-..,3 installed in the valve, the wires 
were calibrated by comparison with a standard thenaocouple that had 
heen cf librated at the National Bvj:-eau of Standards. After ^he 
vaDve was asaeaDled a standard thermocouple was attached to the out- 
side of t'ne valve crown at its center, and the vaivs was placed m 
a the-TTOHtatically controlled furnace. The stem and the cocmutator 
pvotruded through a hole in the furnace. Chromel and axumel wires 
were clemped to the commutator and connected to a potentiometer. 
The potentials produced hy the valve thermocouple and tne standard 
thermocouple were recorded at various furnace temperatures, xhe 
caiibv-ations of the thermocouple before and after ins'^^allation^in 
tbe valva are sho'-m in figure 12. The error at 1155'^ F -4 F. 
The c^ ose agreement between the calibration of the thenar)Oouple made 
before and after it was installed in the valve showed that the commu- 
tator -was properly connected and had introduced no error m the indi- 
cation of the thermocouple, 

Electrical req^ stance at the contact .grrfaces of the commutator 
and the brushes introduced no error beca>-se the theiraoelectromotive 
force ^^3 measured by a null-type potentiometer. Luoricatxon^of 
the coimutator with petro3.eiim oil caused the formation o. an msu- 
latins? film between the commutator and the contacts aurmg the _ 
p-riods'in which the valve was moving. Contact was thus established 
okv when little or no sliding of the contacts on the commutator 
occurred and the errors frequently introduced by potentials generated 
between sliding surfaces ms minimized. Comparison of potential 
readings with the engine motoring and with the engine at rest showed 
the contact potential to be insignificant. 

Wo special tests were r-jn to deter^aine the reproducibility of 
valve temperatures under similar operating conditions. It was 
bowever, possible to. check one test point from each test agams. 
corresT.onding test data from the test in which the indicated mean 
effective pvessrur-e was varied. The variations (all positive) be- 
tween the results in each of the other tests and this test were: 

Test Variation 

(^F) 

Variable speed 18 
Variable spark advance 15 
Variable cooling 10 
Variable fuel-air ratio 22 
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Thef3e tests shov a reproducibility ^rithin 22^ which is 
2 percent of the difference between room temperatiu-e and the 
measured valve teiaperature. 

It is not Icnom vhat influence the presence of the thermoco-uple 
and the tube had on the valve temperatiare . The valve chosen for 
those tests has a throat dii?jrieter as large as the upper limit of 
sianufacturing tolerances and the presence of the themocouple did 
not reduco the throat area below the equivalent throat area for 
the lower llnit of maniofactiu'ing tolerances. The thermocouple tube 
reduced the smallest passe.ge area for the sodiim 10.2 percent and 
increased the i/etted perimeter of that section 31*9 percent. The 
area of the valve- stem wall through which the scdim was -cooled, 
was unchanged. 

The temperature determined by the unshielded exha^ost-gas themo- 
couple was not the true gas temperatur^e , but a useful indication of 
the heating effect of the gas upon engine parts is "Delieved to have 
been provided. The temperati:jre indicated by this thermocov^ple was 
lower than that of the exhaust gas because of cyclic variation in 
the temperature of the gas and because of radiation and conduction 
^ of heat from the the?rmocouple jiuiction. 

The temperatures detemined by the thermocouples installed in. 
the exhaust-valve-guide bushing^ the rear spark-plug bushing, and the- 
ezhaust- valve seat insert were accurate to within .ib4^ F. It has been 
foi.uid in these and in other tests that, with a given cylinder and 
thermocouple installation, the operating conditions -could bexepeatad 
closely enough to make temperatures reproducible within ±10^ vnth 
a different cylinder, or even a new installation of thermocouples in 
the same cylinder, greater variations v/ore observed^ 

C0KCLU3I0HS 

The trends of" exhaust-valve temperatures obtained in laboratory 
tests' on an air-cooled cylinder showed that: 

1, The temperature of the croTO of the exhaust valve ms 1337^ F 
at the following conditionss fuel-air ratio, 0.064; Indicated mean 
effective pressure, 179 pounds per square inch; engine speed, . 2000 rpmj 
and spark advance, 19^ B.T.C. This was the highest temperature ob- 
served in the noriTial range of spark advance. 

2, Variation in fuel-air ratio had relatively great effect on 
valve temperature. The valve temperature changed from a maxinium of . 
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1337^ F at a fuel-air ratio of 0.064 to 1055^ F at a fuel-air ratio 
of C,112. Operation vitli fuel-air ratios lower than 0.054 also 
resulted in valve temperatures apprecia'Dly below the maxiaiitm. 

3^ An increase in power resulted in an increase in the tempera- 
ture of the exhaust valve. An increase in indicated mean effective 
pressure from 98 to 254 pounds per square inch increased the valve 
temperature from 990^ F to 1220^ F. Changes in power resul-ting from 
changes in speed had slightlj^ less influence on the valve temperature. 

4. An extreme change in cooling-air pressurre drop from 1 to 

30 inches of i/ater liad less effect on the temperature of the exhaust 
valve than did variations in other operating conditions. 

5. Variation of spark advance in the range from 5^ to 25^ 3.T.C. 
had little effect on the temperatui'-e of the exhaust valve, 

6. The temperat\u7e of the rear spark-plug hushing is not a 
satisfactory indication of the temperature of the exh-aust valve. 



Aircraft Engine Eesearch Lahoratory^ 
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Cleveland, Ohio. 
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Figure 2.~ Photograph of thermocouple-equipped exhaust 
valve and associated parts. 




Figure 3 - Details of sodium -cooled exhaust valve 
equipped with a thermocouple. 
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Figure 8.- Effect of fuel-air ratio on the tenrperature of the ex- 
haust valve in an air-cooled cylinder. Engine speed, 
2200 rpm; indicated mean effective pressure, approximately 93 per- 
cent of that occurring at the audihle knock limit; spark advance, 
190 B.T.C.; compression ratio, 6.7; temperature of center of barrel 
downstream, 360^, 
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Spark timing, deg B.T.C* 

Figure 9.- Effect of variation in spark advance on the temperatures 

of the exhaust valve and associated parts in an air-cooled 
cylinder. Indicated mean effective pressure, 167 pounds per square 
inch; engine speed, 2200 rpm; fuel-air ratio, 0.08; charge-air temper- 
ature, 150*^; cooling^air temperature, 100^; cooling-air pressure 
drop, 16 inches of water. 
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Figure 11.- Illustration of error in using the temperature of the 

rear spark-plug bushing as an indication of the 
temperature of the exhaust valve. Air-cooled cylinder; engine 
speed. 2200 rpm; cooling-air temperat\ire, 85^ - 1090P; fuel-air 
ratio, 0.08. 
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Figure 12.- Calibration of thermocouple installed in exhaust valve. 



